A Gram-stain-negative, aerobic, rod-shaped, non-spore-forming bacterium (SV325 T ) was isolated from the sediment of a hypersaline lake located 4600 m above sea level (Laguna Vilama, Argentina). Strain SV325 T formed cream to pink colonies, was motile and moderately halophilic, and tolerated NaCl concentrations of 1-25 % (w/v) with an optimum of 5-10 % (w/v). Growth occurred at 5-40 6C (optimum around 30 6C) and at pH 5.0-10.0 (optimum 7.0-8.0). The bacterium did not produce exopolysaccharides and stained positively for intracellular polyphosphate granules but not for poly-b-hydroxyalkanoates. It produced catalase and oxidase, reduced nitrate to nitrite, hydrolysed gelatin, did not produce acids from sugars and utilized a limited range of substrates as carbon and energy sources: acetate, caproate, fumarate, DL-bhydroxybutyrate, malate, maleate, malonate and succinate. The predominant ubiquinones were Q-9 (92.5 %) and Q-8 (7.5 %), the major fatty acids were C 19 : 0 cyclo v8c, C 16 : 0 , C 17 : 0 cyclo and C 16 : 1 v7c/iso-C 15:0 2-OH, and the DNA G+C content was 55.0 mol%. Phylogenetic analyses based on the 16S rRNA gene indicated that strain SV325 T belongs to the genus Halomonas in the class Gammaproteobacteria. Physiological and biochemical tests allowed phenotypic differentiation of strain SV325 T from closely related species with validly published names. We therefore propose a novel species, Halomonas vilamensis sp. nov., with type strain SV325 T
and tolerated NaCl concentrations of 1-25 % (w/v) with an optimum of 5-10 % (w/v). Growth occurred at 5-40 6C (optimum around 30 6C) and at pH 5.0-10.0 (optimum 7.0-8.0). The bacterium did not produce exopolysaccharides and stained positively for intracellular polyphosphate granules but not for poly-b-hydroxyalkanoates. It produced catalase and oxidase, reduced nitrate to nitrite, hydrolysed gelatin, did not produce acids from sugars and utilized a limited range of substrates as carbon and energy sources: acetate, caproate, fumarate, DL-bhydroxybutyrate, malate, maleate, malonate and succinate. The predominant ubiquinones were Q-9 (92.5 %) and Q-8 (7.5 %), the major fatty acids were C 19 : 0 cyclo v8c, C 16 : 0 , C 17 : 0 cyclo and C 16 : 1 v7c/iso-C 15:0 2-OH, and the DNA G+C content was 55.0 mol%. Phylogenetic analyses based on the 16S rRNA gene indicated that strain SV325
T belongs to the genus Halomonas in the class Gammaproteobacteria. Physiological and biochemical tests allowed phenotypic differentiation of strain SV325 T from closely related species with validly published names. We therefore propose a novel species, Halomonas vilamensis sp. nov., with type strain SV325 T (5DSM 21020 T 5LMG 24332 T ).
Halophiles constitute an important group of extremophilic micro-organisms adapted to live and thrive in diverse hypersaline niches such as solar salterns, brines, hypersaline soils and lakes, as well as in salty foods (Horikoshi & Grant, 1998) . This group of organisms are a promising valuable resource for biotechnological applications such as the production of compounds of industrial interest (osmoprotectants, extracellular enzymes and polymers among others). Moderately halophilic bacteria constitute a heterogeneous physiological group of micro-organisms which belong to different genera. Besides members of the family Halomonadaceae, several other Gram-negative, strictly aerobic or facultatively anaerobic species have been described as moderate halophiles (Ventosa et al., 1998) . The family Halomonadaceae of the class Gammaproteobacteria was originally proposed by Franzmann et al. (1988) to accommodate the genera Deleya and Halomonas. At the time of writing, it comprises ten genera (Aidingimonas, Carnimonas, Chromohalobacter, Cobetia, Halomonas, Halotalea, Kushneria, Modicisalibacter, Salinicola and Zymobacter) of which Halomonas (Vreeland et al., 1980; Dobson & Franzmann, 1996) is the largest genus, with around 70 species. The most recently described species are Halomonas andesensis (Sánchez-Porro et al., 2010) and Halomonas titanicae (Guzmán et al., 2010) .
The microbial communities that have evolved within the high-altitude aquatic ecosystem of Laguna Vilama (Vilama Lake, Jujuy, Argentina) must tolerate chemical and physical stresses such as hypersalinity, wide fluctuations in daily temperature (220 to 30 uC), variable pH, high levels of UV radiation, low nutrient availability and high heavy metal concentrations, especially arsenic. This isolated, undisturbed and biotically extreme aquatic ecosystem is a unique site for the discovery of novel bacterial species as well as for studying the interactions between the environment and the evolution of biodiversity (Seufferheld et al., 2008) . The lake is located 4600 m above sea level in the north-western section of the Andean Argentinean Puna desert (22 u 359 S 66 u 559 W). In this paper, we describe a novel species of the genus Halomonas for which we propose the name Halomonas vilamensis sp. nov.
Strain SV325
T was isolated from lake sediment samples by serial dilutions in 0.9 % NaCl solution, spread-plated on modified growth medium 25 (MGM 25) agar and incubated aerobically for 10 days at 30 u C. MGM has the following composition (l 21 ): 5.0 g tryptone, 1.0 g yeast extract and 333 ml (for MGM 10) or 830 ml (for MGM 25) saltwater (SW) solution (as described in the Halohandbook; Dyall-Smith, 2008 and Halomonas subterranea LMG 23977 T were obtained from BCCM/LMG (Gent, Belgium). The strains were cultured on MGM 10 agar at 30 u C for 48 h.
The characterization of strain SV325
T was performed according to Arahal et al. (2007) . All physiological tests were incubated at 30 u C for up to 10 days unless otherwise stated.
Gram staining was performed as described by Smibert & Krieg (1994) . Poly-b-hydroxyalkanoate and polyphosphate staining was carried out using 15-day-old cultures grown in MGM 10 broth, according to Murray et al. (1994) . Colony morphology, production of diffusible or non-diffusible pigments and exopolysaccharide production were observed on MGM 10 agar after cultivation of the strain for 3 days. Motility and shape were observed by phase-contrast microscopy after cultivation of the strains in MGM 10 broth for 2 days (Zeiss Axioplan microscope). Oxidase reaction was performed with a 1 % aqueous solution of N, N-dimethyl-p-phenylenediamine, and catalase activity was determined by adding a 1 % H 2 O 2 solution to a culture grown on MGM 10 agar for 24 h. To determine the range of substrates used as carbon and energy sources or as carbon, nitrogen and energy sources, we utilized a basal medium, BBSW5 (pH 7.2±0.2), with the following composition (l 21 ): 0.05 g yeast extract (Difco), 0.1 g NH 4 Cl, 0.08 g KH 2 PO 4 , 10 ml trace element solution (Menes & Muxí, 2002 ) and 167 ml SW solution (final concentration of total salts 5.0 %). After sterilization, 1 ml filter-sterilized vitamin solution was added (Menes & Muxí, 2002) . Each substrate was added aseptically from a filter-sterilized stock solution to a final concentration of 1 g l 21 , except for carbohydrates, which were added to 2 g l
21
. The basal medium was prepared without NH 4 Cl for amino acid substrates. To study different electron acceptors, the basal medium was prepared anaerobically in Hungate tubes (Menes & Muxí, 2002) . Electron acceptors and substrates were added from anaerobic stock solutions to final concentrations of 10 mM and 1 g l 21 , respectively. Koser medium, which is recommended by Arahal et al. (2007) for determining the range of substrates, did not support the growth of strain SV325
T even after vitamin supplementation. Oxidation and fermentation of glucose were determined in OF medium (Hugh & Leifson, 1953) with 7.5 % (w/v) sea salts (Rodríguez-Valera et al., 1981) . Tests for acid production from carbohydrates and alcohols
propanol, D-sorbitol); hydrogen sulfide production; aerobic nitrate reduction; hydrolysis of gelatin, casein, starch, Tween 20, Tween 80, tyrosine, aesculin, urea and DNA; phosphatase production; haemolysis; pigment production from tyrosine; phenylalanine deamination; selenite reduction; gluconate oxidation; ONPG activity; indole production; lysine and ornithine decarboxylase activity; and lecithovitellin, methyl red and Voges-Proskauer tests were performed according to Mata et al., (2002) . Anaerobic growth was checked in MH medium with 7.5 % (w/v) sea salts (Rodríguez-Valera et al., 1981) using the Generbag Anaer system (bioMérieux). Tributyrin hydrolysis was assessed in MH medium with 7.5 % (w/v) sea salts according to Smibert & Krieg (1994) . Tests for growth on MacConkey and cetrimide agar were supplemented with 7.5 % (w/v) sea salts. Respiration on fumarate (10 mM), nitrate (10 mM) and nitrite (5 mM) was assessed in anaerobically prepared MH medium with 7.5 % (w/v) sea salts, dispensed in Balch tubes and gassed with oxygen-free nitrogen. API 20E and API 20NE kits (bioMérieux) were inoculated according to the manufacturer's instructions except that cell suspensions were prepared in diluted SW (1 : 6 in water) and carbon assimilation tests were prepared using 5 ml of AUX medium supplemented with 1 ml of SW. Acid production from carbohydrates was tested with the API 50 CH kit (bioMérieux) with the cell suspension prepared using 10 ml API 50 CHL supplemented with 2 ml SW. For carbon source utilization determination, the kits were inoculated with a cell suspension prepared in the BBSW5 medium described above. Both kits were incubated for up to 10 days. Growth at different temperatures (0, 5 and 20-45 u C at intervals of about 5 u C) and pH (4.0-11.0 at intervals of 1.0 pH unit) was tested in MGM 10 broth.
Growth at different NaCl concentrations [0-30 % NaCl (w/v), equivalent to 2.4-32.4 % total salts] was tested in NaCl-free MGM 10 broth with increasing concentrations of NaCl (0, 1, 2, 5, 10, 15, 20, 25 and 30 %) . Growth was monitored by measuring optical density at a wavelength of 600 nm over time and plotting the slope. The mean of triplicate runs at each temperature, pH and salt concentration was used to determine optimal growth rates for each condition. Requirement for sodium, magnesium and potassium salts was assayed in MGM 10 broth supplemented with SW solution prepared without NaCl (for sodium requirement assay), without magnesium salts (for magnesium requirement assay) or without KCl (for potassium requirement assay).
Susceptibility to antimicrobial compounds was assayed in MH medium with 7.5 % (w/v) sea salts by the Kirby-Bauer method (Bauer et al., 1996) . Results of the characterization are given in the species description.
Flagella of cells grown in MGM 10 broth for 48 h were stained with 2 % (w/v) uranyl acetate and observed with a JEOL JEM-1010 transmission electron microscope. Cells of strain SV325
T were rod-shaped, occurred singly or in pairs, and had polar and laterally inserted flagella (Fig. 1) .
Extraction of genomic DNA was carried out with the QIAamp DNA Mini kit (Qiagen) and amplification of nearly full-length 16S rRNA gene fragments was performed using primers 27F (59-AGAGTTTGATC(A/C)TGGCTCAG-39) and 1492R (59-ACGG(C/T)TACCTTGTTACGACTT-39) as described previously (Menes & Muxí, 2002) . The resulting PCR products were purified with the QIAquick PCR purification kit (Qiagen) and sequenced using an Applied Biosystems automatic sequencer ABI 3730XL at Macrogen, Seoul, Korea. The 16S rRNA gene sequence (1430 bp) was obtained and compared with other sequences in GenBank using a BLAST search (National Center for Biotechnology Information) and in the Ribosomal Database Project II (release 9.47) using the SIMILARITY_RANK (RDP) algorithm (Cole et al., 2007 (Cole et al., , 2009 ). Phylogenetic analysis was performed with MEGA version 2.1 (Kumar et al., 2001 ) using the neighbour-joining (Saitou & Nei, 1987) and maximumparsimony (Fitch, 1971) T had highest similarities to Halomonas gomseomensis, Halomonas arcis, Halomonas subterranea and Halomonas janggokensis (96.7 % sequence similarity) and Halomonas sulfidaeris (96.6 %). Lower sequence similarities (,96.3 %) were found with all other described species of the genus Halomonas. The 16S RNA gene fragment analysed contained the 18 signature nucleotides defined for the family Halomonadaceae (Ben Ali Gam et al., 2007; Dobson & Franzmann, 1996) . Extended phylogenetic trees are available as Supplementary Figs S1 and S2.
Whole-cell fatty acid composition, genomic DNA G+C content and respiratory quinone analysis (from cells grown on MGM 10 agar for 3 days at 30 u C) were carried out by the Identification Service of DSMZ (Braunschweig, Germany). The major cellular fatty acids (95.23 %) of strain SV325
T were: C 19 : 0 cyclo v8c (30.79 %), C 16 : 0 (22.68 %), C 17 : 0 cyclo (18.13 %), C 16 : 1 v7c/iso-C 15:0 2-OH (11.40 %), C 12 : 0 3-OH (6.75 %), C 18 : 1 v7c (3.11 %) and C 10 : 0 (2.37 %). Traces of C 10 : 0 3-OH, C 14 : 0 , C 15 : 0 , C 17 : 0 , C 18 : 0 , 11-methyl C 18 : 1 v7c, iso-C 19 : 0 and C 20 : 2 v6,9c were also detected (each ,1 %). The DNA G+C content of strain SV325
T was 55.0 mol%. The predominant quinones were Q-9 (92.5 %) and Q-8 (7.5 %).
Several morphological and taxonomical features were compared with those of highly phylogenetically related species (Table 1) T exhibits less than 97 % sequence similarity to known species of the genus Halomonas. This similarity value (Stackebrandt & Goebel, 1994) , as well as its phenotypic characteristics, demonstrates that strain SV325
T represents a distinct species belonging to the genus Halomonas, for which we propose the name Halomonas vilamensis sp. nov.
Description of Halomonas vilamensis sp. nov.
Halomonas vilamensis (vi.la.men9sis. N.L. fem. adj. vilamensis pertaining to Laguna Vilama, Jujuy, Argentina). Cells are Gram-stain-negative, rod-shaped (2.0-4.061.0-1.6 mm) and occur singly and in pairs. Cells are motile by means of polar and laterally inserted flagella, non-sporeforming and aerobic. Does not produce exopolysaccharides or diffusible pigments and stains positively for intracellular polyphosphate granules but not for poly-b-hydroxyalkanoates. Colonies are cream to pale pink, circular, smooth, convex and 1 to 2 mm in diameter after 3 days of incubation on MGM 10 agar or MH medium with 7.5 % (w/v) sea salts. Grows at temperatures ranging from 5 to 40 u C (optimum growth around 30 u C) and at pH 5.0-10.0 (optimum growth at pH 7.0-8.0) (Supplementary Fig. S3 ). Moderately halophilic, capable of growing at NaCl concentrations from 1 to 25 % (w/v) with optimum growth at 5-10 % (w/v) in media with 2.4 % (w/v) magnesium and potassium salts. Requires NaCl, potassium salts and magnesium salts for growth. No growth on MacConkey agar or cetrimide agar supplemented with 7.5 % (w/v) sea salts. Catalase-and oxidase-positive. No oxidation or fermentation of glucose in OF Hugh and Leifson medium (after 15 days). Does not produce acids from carbohydrates and alcohols. Phenylalanine deaminase-positive. Blood is haemolysed. Gelatin is hydrolysed but not aesculin, casein, DNA, Tween 20, Tween 80, tributyrin, tyrosine, starch or urea. Nitrate but not nitrite is reduced aerobically. Selenite is reduced. The following tests are negative: anaerobic growth, gluconate oxidation, respiration on nitrite and fumarate, H 2 S from L-cysteine, pigment from tyrosine, phosphatase, ONPG, lecitovitellin, lysine decarboxylase, ornithine decarboxylase, indole, methyl red and Voges-Proskauer. T and related species using the neighbourjoining method. Bootstrap values above 50 % are shown at branch points (1000 resamplings). Zymobacter palmae ATCC 51623 T was used as the outgroup. An extended version of this tree is available as Supplementary Fig. S1 . Bar, 1 % estimated sequence divergence. Kim et al. (2007) , for taxa 3 and 4 from Xu et al. (2007) , for taxa 6 and 7 from Kaye et al. (2004) ; all other data are from this study. All strains were positive for motility, catalase activity, haemolysis, selenite reduction, and growth on fumarate, malate, malonate, L-aspartate and L-glutamate. All strains were negative for anaerobic growth, aerobic nitrite reduction, cetrimide agar growth, starch and Tween 80 hydrolysis, respiration on nitrite and fumarate, growth on L-serine and the lecitovitellin test. 
